Infants' understanding of a pointing gesture represents a major milestone in their communicative development. The current consensus is that infants are not capable of following a pointing gesture until 9 -12 months of age. In this article, we present evidence from 4-and 6-month-old infants challenging this conclusion. Infants were tested with a spatial cueing paradigm in Experiment 1 (500-ms stimulus-target onset asynchrony [SOA]) and Experiment 2 (100-ms SOA). The results revealed that the younger infants shifted their attention in the cued direction when presented with a pointing gesture and with a foil (i.e., same size and shape as pointing gesture) at both SOAs. Older infants shifted their attention only in response to the pointing gesture at 100-ms SOA. Experiment 3 tested infants' preferences for the social stimulus (i.e., pointing gesture) relative to the foil and a non-social stimulus (i.e., an arrow). The results revealed that infants are biased to selectively attend to the pointing gesture. Taken together, these results suggest that 4-and 6-month-old infants are capable of preferentially selecting and following a pointing gesture. It is theorized that this early capacity assists infants in their developing understanding of triadic forms of communication.
Human communication is not accomplished by speech alone; it involves multiple forms of embodiment including manual gestures, body posture, facial expression, and prosody (Streeck, Goodwin, & LeBaron, 2011) . Among these diverse behaviors, the act of pointing stands out because it is virtually universal (Butterworth, 2003; Kita, 2003; Liszkowski, Brown, Callaghan, Takada, & de Vos, 2012) and simple enough that it appears in the behavioral repertoire of human infants (Bates, Camaioni, & Volterra, 1975; Butterworth & Grover, 1990; Masataka, 2003; Tomasello, 2008; Werner & Kaplan, 1963) . Pointing is a deictic gesture used to reorient the attention of another person so that an object or person becomes the shared focus of attention (Butterworth, 2003) . Typically, it is identified by a stereotypical posture involving the index finger and the arm extended in the direction of some distal referent. The emergence of pointing toward the end of a child's first year is interpreted by some theorists as signaling a new phase in the development of joint visual attention (e.g., Butterworth, 2001; Tomasello, 2008) .
Development of Joint Attention and Pointing
The development of joint visual attention is critical for learning, social interaction, and communication (Bakeman & Adamson, 1984; Baldwin, 1996; Butterworth, 2001; Carpenter, Nagell, & Tomasello, 1998; Colonnesi, Stams, Koster, & Noom, 2010) . While the precise definition of joint attention continues to be debated, it involves at a minimum attention to another individual and to the referent of his or her attention (Shepherd & Cappuccio, 2012) .
According to Butterworth (2003) , there are two divergent views on the developmental relation between joint attention and pointing. On one account, young infants first comprehend communicative cues given by changes in the orientation of another's head and eyes, and only toward the end of the first year begin to comprehend pointing (e.g., Butterworth & Cochran, 1980; Butterworth & Jarrett, 1991; D'Entremont, Hains, & Muir, 1997; Hood, Willen, & Driver, 1998; Scaife & Bruner, 1975) . By contrast, the second account suggests that infants comprehend both head and gaze cues as well as pointing at the same time, but all of this occurs relatively late in the first year because it awaits the development of prerequisite social-cognitive skills (e.g., Carpenter et al., 1998; Corkum & Moore, 1995; Moore & Corkum, 1994; Morissette, Ricard, & Decarie, 1995) . The divergence between these two accounts may be more apparent than real, however. Both agree that joint attention involves infants' responses to head and gaze orientation, but differ with regard to whether it also necessitates a shared under-standing of each other's mental state. The difference between these two accounts is thus primarily a matter of definition: infants' gaze following is necessary and sufficient for establishing joint attention, or it is not, because joint attention also necessitates understanding the referential intent of a change in the orientation of another's head and gaze cues.
Regardless of one's definition of joint attention, it is important to note that both accounts assume that point following does not emerge until the end of the child's first year. Logically, this claim seems suspect since it's already been established that gaze following develops long before the end of the first year (e.g., D'Entremont et al., 1997; Farroni, Johnson, Brockbank, & Simion, 2000; Gredebäck, Fikke, & Melinder, 2010; Hood et al., 1998) , and at least some research suggests that pointing is more salient than gaze cueing (Deák, Walden, Kaiser, & Lewis, 2008; Doherty & Anderson, 1999; Triesch, Teuscher, Deák, & Carlson, 2006) . Given these considerations, the current research was designed to test whether point following develops around the same age as gaze following or indeed develops only toward the end of the first year.
An especially useful paradigm for testing young infants' gaze following was devised by Hood et al. (1998) , who adapted Posner's (1980) spatial cueing paradigm to test 3-and 4-month-old infants. In this version of the paradigm, the spatial cue was a digitized, color image of an adult face with blinking eyes that subsequently shifted to the left or right. Infants oriented their attention faster to a peripheral target in the cued than non-cued direction even though the cue was not predictive of target location. An important methodological feature of this study involved not presenting the target stimulus until the stimulus face disappeared, because infants show difficulty disengaging from stimuli at this age (e.g., Hood, 1995) . When infants were tested for orienting to the target while the stimulus cue remained visible, they disengaged from the stimulus cue on less than 30% of the trials.
Origins of Point Following
Is there any evidence that infants follow a point during the first few months of development? A few early studies reported that 9-month-old infants follow a pointing gesture to nearby targets and that by 12-months of age they follow pointing to more distant targets (e.g., Leung & Rheingold, 1981; Morissette et al., 1995; Murphy & Messer, 1977) . Recently, Daum, Ulber, and Gredebäck (2013) exploited the spatial cueing paradigm used by Hood et al. (1998) to study 10-and 12-month-old infants' attention to a pointing gesture. Critically, the older but not the younger infants' attention to a peripheral target was triggered by the pointing gesture, although the size of this effect was modulated by an accompanying acoustic stimulus that ranged from canonical human speech to various perturbations including a no sound condition. The authors suggest that infants' showed the greatest responsiveness in the speech condition because it provided a communicative context for the pointing gesture. Given that infants did not respond to the pointing gesture until one year of age, these results converge with those from earlier studies reporting that pointing comprehension does not develop until the last quarter of the first year.
In spite of the preceding evidence we think it is premature to conclude that joint attention cued by pointing does not emerge until the end of the first year. First, the results from an EEG study revealed that 8-month-old infants showed differential activation of a P400 evoked response potential over posterior temporal areas to congruent versus incongruent pointing gestures (Gredebäck, Melinder, & Daum, 2010) ; conceivably, even younger infants might show sensitivity if they were tested. Second, and contrary to most reports in the literature, indexical pointing does not emerge all at once at the end of the first year; rather, an early precursor to this behavior is observed in infants as young as 3 months of age. Masataka (1995) , for example, reported that 3-month-old infants show extension of the index finger with the other fingers curled inward during speech-like vocalizations, but rarely during the production of vocalic sounds. Likewise, Fogel and Hannan (1985) reported that 64% of the 3-month-old infants they observed produced at least one systematic index-finger extension, and some as many as six in a two-minute face-to-face interaction with their mothers. Similar findings are reported by Fogel (1981) ; Hannan and Fogel (1987); and Legerstee, Corter, and Kienapple (1990) . Although these examples of pointing are what Butterworth (2003) refers to as "embryonic," and certainly do not meet the criteria for directing attention to some event or object, they do establish that the motor components of this gesture are already within the behavioral repertoire of 3-month-old infants. If, indeed, the perception and production of actions develop synchronously as some theorists suggest (e.g., Daum et al., 2013; Woodward, 2009) , then infants younger than 9 months of age might also be biased to orient toward a pointing gesture as well as its distal referent.
Interestingly, this is exactly what Rohlfing, Longo, and Bertenthal (2012) reported in a spatial cueing study testing 4-and 6-month-old infants' covert attention to a pointing gesture. The paradigm was very similar to the one used by Daum et al. (2013) except that the fingers of the hand waved initially to attract the attention of infants, and then the hand moved slightly forward and backward to highlight the direction of the point. Unlike the preceding study, the sound of a human voice accompanied the presentation of only the attention-getting stimulus. The results of the first experiment revealed that 4-and 6-month-old infants oriented more quickly to the peripheral target when it was congruent with the direction of the pointing gesture than when it was incongruent. Two follow-up experiments revealed that a static pointing gesture was not sufficient to shift infants' attention to the target, but neither was the movement of the hand when it was in opposition to the direction of the pointing finger. As such, these results suggest that young infants shift their attention in response to a dynamic pointing gesture and that movement is necessary but not sufficient to cue the response.
Statement of the Problem
One limitation of the preceding study by Rohlfing et al. (2012) as well as the one by Daum et al. (2013) is that they failed to compare the pointing gesture with another directional cue different from a human hand. Accordingly, it is unclear whether infants were responding specifically to a pointing gesture or instead to any directionally oriented stimulus, such as an arrow. This is an important question to address since it is currently unknown whether infants are differentially sensitive to social and non-social spatial cues.
A second unresolved issue in the previous studies is attributable to the pointing hand disappearing before the appearance of the This document is copyrighted by the American Psychological Association or one of its allied publishers.
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peripheral target. For infants, a pointing gesture represents an ambiguous stimulus in that the hand may be of interest, itself, or it may be viewed as a spatial cue to a distal referent (Amano, Kezuka, & Yamamoto, 2004; Butterworth & Grover, 1990; Churcher & Scaife, 1982; Woodward & Guajardo, 2002) . Accordingly, it is difficult to know whether infants would necessarily shift their attention in response to a pointing gesture if it remains visible. In order to address this issue, it is necessary to modify the paradigm so that infants can respond to the target while the pointing hand is still visible. The current study was designed to more conclusively establish that 4-and 6-month-old infants are capable of covertly shifting their attention toward the cued location of a pointing gesture without any accompanying speech and without the stimulus cue disappearing before the appearance of the target. More importantly, this study tested whether infants' responses to manual pointing gestures was specialized by comparing infants' responses to a pointing hand with their responses to a foil which preserved the same size and shape as the hand but lacked the featural details. If infants' saccadic response times (SRTs) are faster to the target in the cued direction than in the opposite direction, then we can at a minimum conclude that they covertly shift their attention when focusing on the spatial cue. In order to conclude that infants are responding specifically to a pointing gesture, it is necessary to show that their responsiveness to the pointing gesture is faster than their responsiveness to the foil.
Experiment 1
The goal of this study was to compare 4-and 6-month-old infants' covert attention to a pointing gesture versus a foil (see Figure 1 ) by measuring saccadic response times to a peripheral target that appeared either to the left or right of the stimulus cue. The likelihood of the target appearing in the cued direction was 50%; thus, the cue was not predictive of target location. We sought to determine whether infants would shift their overt attention faster to the target at the cued (i.e., congruent) location than at the opposite (i.e., incongruent) location as reported by Rohlfing et al. (2012) . Unlike the two previous studies (Daum et al., 2013; Rohlfing et al., 2012) , the stimulus cue remained visible with the appearance of the peripheral target so that we could directly assess whether infants were primarily attentive to the cued target or to the pointing gesture itself.
In this experiment, infants' SRTs were measured with an eye tracking system that also enabled us to implement a gaze contingent paradigm (Wang et al., 2012) . Unlike most infant looking studies, the appearance of each successive stimulus was contingent on precise measurement of the location of the infant's gaze rather than on an experimenter's judgment of where the infant was looking. Moreover, the programming of separate contingencies for the appearance of the attention-getter, stimulus cue, and target on each trial increased the speed with which infants learned to attend to the stimulus display and decreased their time not attending. As a consequence, we were able to present a sufficient number of trials to conduct a within-subjects design and compare infants' responses to the pointing gesture and the foil.
Method
Participants. A total of 32 healthy full-term infants participated in this study. Sixteen infants (9 girls, 7 boys) were tested at 4 months of age (M ϭ 19.0 weeks, SD ϭ 12.1 days), and 16 (4 girls, 12 boys) were tested at 6 months of age (M ϭ 29.7 weeks, SD ϭ 12.0 days). An additional 11 infants were tested but excluded from the final sample because the eye tracker was unable to record a stable corneal reflection (1), lack of attention (2), or insufficient number of completed trials (8).
1 Participants were primarily from middle-class families and were Caucasian. They were contacted by mail based on birth records and community outreach, and parents signed a consent form before the study began.
Stimuli and apparatus. Gaze was measured using a Tobii 2150 eye tracking system (Stockholm, Sweden). The system tracked gaze of both eyes with an infrared eye tracker integrated in a 21-in. monitor (precision: 1°; measurement error: 0.5°; sampling rate: 50 Hz). Calibration of eye gaze was conducted with Tobii Studio software which displayed a spinning multi-colored disc (extended diameter ϭ 5.5°) expanding and contracting with an accompanying chime sound at each of the four corners as well as center of the screen. Areas of interest (AOIs) were calculated around each of the stimuli to determine when infants were directing their gaze toward each stimulus.
On each trial, infants were presented with an attention-getting stimulus consisting of a multi-colored pinwheel or beach ball (subtending 5.5°ϫ 5.5°of visual angle) that appeared in the middle of a black screen. The stimulus cue also appeared in the middle of the screen and was a digitized color photo of a hand depicting a pointing gesture with index finger extended and the remaining fingers wrapped around the thumb oriented parallel to the ground. As can be seen in Figure 2 , the hand stimulus included This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
the wrist and the bottom of the forearm oriented vertically. The pointing hand measured 13.6°horizontally and 5.1°vertically, and the entire stimulus, including the wrist and bottom of forearm, measured 14.4°horizontally and 14.3°vertically. The stimulus foil was created by drawing an outline around the pointing hand and filling it in with a flesh-like color. The size and shape of the foil were identical to the dimensions of the pointing hand, but lacked the shading and details of the pointing hand. Both the pointing hand and foil oscillated back-and-forth 0.8°at a rate of 3.0 Hz. The center of the target was located 14.25°to the left or right of the screen center. It consisted of one of a number of colorful toy animal pictures moving around a white rectangular region (4.3°ϫ 5.3°) with an accompanying melodic sound. Procedure. Infants were seated on their parents lap at a mean distance of 68 cm from the Tobii eye tracking screen. Parents were instructed to not look at the screen during the experiment. Infants gaze was measured continuously, and a gaze contingent paradigm was used for presenting the stimuli on each trial. The presentation and timing of the stimuli was controlled with E-Prime software (Psychology Software Tools, Pittsburgh, PA) including the eyetracking extensions for Tobii, "Wait for fixation."
2 At the beginning of each trial, the attention-getting stimulus appeared in the middle of the screen and remained visible until infants looked to that location for 400 ms (see Figure 3) . The stimulus cue then appeared; once infants looked at it for 500 ms or 5,000 ms elapsed, the peripheral target was presented. The target appeared for a minimum of 2,000 ms and a maximum of 5,000 ms depending on when infants oriented to the target. Following the disappearance of the target, the next trial began after a 34-ms inter-trial interval.
Design. A total of 48 trials were presented with 24 showing the pointing finger (hand condition) and 24 showing the foil (foil condition). Within each condition, the direction of the cue was oriented to the right and to the left on an equal number of trials (12). The target appeared in the direction of the cue on 50% of the trials (congruent condition) and appeared in the opposite direction of the cue on the remaining 50% of the trials (incongruent condition). The pointing finger and foil stimuli were presented in alternating blocks of eight trials. Each block consisted of two trials for each cue direction (right vs. left) by congruency (congruent vs. incongruent) condition with trial order randomized and first block (hand vs. foil) counterbalanced.
Results
The primary question concerned whether infants oriented to the congruent target faster than to the incongruent target as a function of age or stimulus cue. Unlike previous social cueing studies with infants (e.g., Hood et al., 1998; Rohlfing et al., 2012) , there were virtually no trials on which infants shifted their gaze to the incorrect location (0.15% of all trials). SRTs to the target were measured from the appearance of the target on the screen to the arrival of the first gaze point on the target, and the mean SRT per condition was used as the dependent measure. On average, 4-month-old infants completed 35.0 of the 48 trials (72.9%), and 6-month-old infants completed 39.3 of the 48 trials (81.9%). A majority of the incomplete trials were attributable to a failure to orient to the stimulus cue (4-month-olds: 6.4 trials; 6-month-olds: 5.8 trials). Most of the other incomplete trials were attributable to a failure to disengage from the stimulus cue (4-month-olds: 3.6 trials; 6-month-olds: 0.8 trials). The few remaining trials were completed but not included because response times were either too fast (Ͻ200 ms) or too slow (Ͼ3,000 ms) or infants oriented to the incorrect location.
A mixed design analysis of variance (ANOVA) was conducted with age as a between-subjects variable, and stimulus cue (pointing finger or foil) and congruence (target congruent or incongruent with cue) as within-subjects variables. The results revealed main effects for age, F(1, 30) ϭ 6.12, p ϭ .019, p 2 ϭ .17; and congruence, F(1, 30) ϭ 9.83, p ϭ .004, p 2 ϭ .25; as well as a significant interaction for age by stimulus cue, F(1, 30) ϭ 4.80, This document is copyrighted by the American Psychological Association or one of its allied publishers.
p ϭ .015, p 2 ϭ .04. As can be seen in Figure 4 , the age effect and its interaction with stimulus cue are attributable to slower SRTs at 4 months of age, especially for the foil. The congruence effect was primarily driven by the responses of the 4-month-old infants who responded faster to the congruent than to the incongruent target for both the pointing finger as well as the foil, t(15) ϭ 2.53, p ϭ .012, and t(15) ϭ 1.89, p ϭ .039, for the pointing finger and the foil, respectively.
3 By contrast, 6-month-old infants did not respond differently as a function of congruence, although the results approached significance for the pointing finger condition, t(15) ϭ 1.63, p ϭ .063, but not for the foil, t(15) ϭ 0.638, p ϭ .267.
One low-level explanation for the significant congruence effect at 4 months of age is that infants were biased to look initially toward the tip of the index finger which was closer to the cued target, and would thus detect it more quickly. In order to confirm that the congruence effect was not simply a function of the asymmetry of the stimulus cue, we plotted all the gaze points on the stimulus cue separately for both ages and both cues. As can be seen in Figure 5 , the majority of gaze points were centered on the hand. For each participant in each condition, we calculated the mean location of their last five gaze points (corresponding to 100 ms) on the x-axis (x ϭ 0 corresponded to the center of the stimulus cue, and x Ͼ 0 corresponded to locations toward the finger tip, while x Ͻ 0 corresponded to locations toward the back of the hand) before the target appeared and correlated this location with their mean SRT. None of these correlations were significant (4-montholds: r(14) ϭ .080, r(14) ϭ .439, for congruent and incongruent trials, respectively; 6-month-olds: r(14) ϭ .202, r(14) ϭ .195, for congruent and incongruent trials, respectively). These results thus confirm that gaze location on the stimulus cue did not bias infants to respond faster to the congruent target.
One last analysis was designed to assess whether infants learned to respond faster to the cued direction over the course of the experiment. For each infant, we divided their SRTs into two groups of congruent and incongruent trials, and then assigned them numbers from 1 to 24 as a function of their trial order. Linear regressions were calculated to test whether mean SRTs decreased significantly across trials for each age by stimulus cue condition. All four regression slopes were essentially flat with R 2 coefficients ranging from .00 to .10. This result thus confirms that faster responding in the cued direction was not learned over trials but rather was a stable response from the beginning of the testing. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
Discussion
These results converge with those previously reported by Rohlfing et al. (2012) to confirm that 4-and 6-month-old infants shift their attention in the direction of a pointing gesture. As a consequence, infants responded to the congruent target faster than to the incongruent target. Unlike the previous studies, pointing was not accompanied by infant-directed speech which has been considered a necessary prerequisite for triggering attention to a distal referent Senju, Csibra, & Johnson, 2008) . In spite of the evidence for a congruence effect at 4 months of age, the interpretation of these results is at best incomplete because 6-month-old infants did not show a significant congruence effect, and the effect at 4 months of age was not restricted to the pointing gesture but generalized to the foil as well.
Unlike previous spatial cueing studies with infants, the target was presented while the stimulus cue was still visible. Interestingly, this no gap design is typically used in gaze cueing studies with adults, but faster responding to the cued target begins to dissipate if the target appears later than 80 ms following the stimulus cue (i.e., stimulus-target onset asynchrony ϭ 80 ms) and is often no longer significant by 500 ms (Frischen, Bayliss, & Tipper, 2007) . The reason for this differential responding as a function of time is that the congruence effect occurs only if adults respond reflexively or automatically to the target, but with a 500-ms SOA they often have sufficient time to respond strategically rather than automatically. We originally hypothesized that the duration of the SOA in which infants would respond reflexively would be significantly longer than 100 ms, but one interpretation for the failure of the 6-month-old infants to show a congruency effect is that the 500-ms SOA exceeded the time window in which they would respond reflexively. The second experiment was designed to test this hypothesis.
Experiment 2
The design of this experiment was essentially a replication of the previous experiment, except that the 500-ms SOA was replaced by a 100-ms SOA. If the preceding hypothesis is correct, then 6-month-old infants should show a congruency effect in this experiment similar to the effect shown by 4-month-old infants in the previous experiment. Less clear is whether this congruency effect would be specific to the pointing hand or whether it would generalize to the foil as well.
Method
Participants. A total of 32 healthy full-term infants participated in this study. Sixteen infants (10 girls, 6 boys) were tested at 4 months of age (M ϭ 18.0 weeks, SD ϭ 15.3 days), and 16 (8 girls, 8 boys) were tested at 6 months of age (M ϭ 29.6 weeks, SD ϭ 12.6 days). An additional 9 infants were tested but excluded from the final sample because they became fussy and did not complete the minimum number of trials. Participants were primarily from middle-class families and were Caucasian. They were contacted by mail based on birth records and community outreach, and parents signed a consent form before the study began.
Stimuli, procedure, and design. All of these details were identical with Experiment 1, except that the SOA between the stimulus cue and the target was 100 ms instead of 500 ms.
Results
On average, 4-month-old infants completed 34.3 of the 48 trials (71.5%), 6-month-old infants completed 36.5 of the 48 trials (76.0%), and collapsed across age, infants shifted their attention to the incorrect location on only 0.17% of all trials. A majority of the incomplete trials were attributable to a failure to orient to the stimulus cue (4-month-olds: 4.8 trials; 6-month-olds: 10.3 trials). Most of the other incomplete trials were attributable to a failure to disengage from the stimulus cue (4-month-olds: 5.4 trials; 6-month-olds: 0.3 trials). The few remaining trials were completed but not included because response times were either too fast (Ͻ200 ms) or too slow (Ͼ3,000 ms) or infants oriented to the incorrect location.
Similar to the preceding experiment, there was a significant age effect, F(1, 30) ϭ 39.12, p Ͻ .001, p 2 ϭ .949 (see Figure 6 ), because 4-month-old infants shifted their attention slower than 6-month-old infants More importantly, there was a significant effect of congruence, F(1, 30) ϭ 6.30, p ϭ .015, p 2 ϭ .173, and 4-month-old infants showed this effect for both the pointing hand and the foil, t(15) ϭ 2.22, p ϭ .022, and t(15) ϭ 1.95, p ϭ .035, respectively. Critically, 6-month-old infants showed this effect for the pointing hand but not for the foil, t(15) ϭ 1.86, p ϭ .042, and t(15) ϭ 0.11, ns, respectively. Nevertheless, the two-way interaction between stimulus and congruence for the 6-month-old infants was not significant, F(1, 15) ϭ 2.43, p ϭ .140, p 2 ϭ .139. Lastly, there was a marginally significant effect of stimulus cue, F(1, 30) ϭ 3.96, p ϭ .056, p 2 ϭ .117, because infants at both ages responded slower to the hand than to the foil. A follow-up analysis comparing the SRTs for Experiments 1 and 2 revealed that responses were significantly slower in this second experiment, F(1, 60) ϭ 8.05, p ϭ .006, p 2 ϭ .118, but this difference was primarily attributable to slower responses by the 4-month-old infants as revealed by a significant age by SOA interaction, F(1, 60) ϭ 9.15, p ϭ .004, p 2 ϭ .132. Once again, we checked to ensure that SRTs were not biased by gaze location during the cueing phase. For each participant in each condition, we calculated the mean location of their gaze on the x-axis for 100 ms preceding their gaze shift, and then correlated these gaze locations with their mean SRTs. None of the correlations were significant (4-month-olds: r(14) ϭ -.236, and r(14) ϭ .155, for congruent and incongruent trials, respectively; 6-montholds: r(14) ϭ .411, and r(14) ϭ -.072, for congruent and incongruent trials, respectively). With regard to learning, SRTs did not decrease significantly over trials except for the 4-month-old infants when responding to congruent trials, R 2 ϭ .228, ␤ ϭ Ϫ11.67, p ϭ .018.
Discussion
Unlike the results from Experiment 1, both 4-and 6-month-old infants oriented their attention to the congruent target faster than to the incongruent target, although this effect was observed only for the pointing hand and not for the foil at 6 months of age. The only difference between the two experiments was the shortening of the This document is copyrighted by the American Psychological Association or one of its allied publishers.
SOA to 100 ms. It thus appears that the time course for reflexive orienting during covert attention is similar for infants and adults. The different congruence effects for the pointing hand and the foil suggests that 6-month-old infants shift their attention differently to a social and a pseudo-social stimulus, but this conclusion must be qualified since there was no significant interaction between the congruence effect and the two stimuli in the ANOVA. By contrast, the results for the 4-month-old infants mirrored those from the previous experiment suggesting that the processes responsible for shifting attention may have been somewhat different than those available to the 6-month-old infants.
The possibility that the SRT results were biased by gaze location was again tested, but the results failed to support this hypothesis. With regard to 4-month-old infants showing evidence of learning over congruent trials, it is possible that some learning occurred in this condition, but it could also simply represent sampling error. Regardless, it does not appear that learning could account for the overall pattern of results since a significant result was only observed in one of the eight conditions. Why did 4-and 6-month-old infants show differences in how they responded to the pointing hand and to the foil? Specifically, 4-month-old infants oriented faster to the congruent target independent of the stimulus cue, whereas 6-month-old infants showed this effect only for the pointing hand and not for the foil. The most straightforward interpretation for this age effect is that 6-monthold, but not 4-month-old infants perceptually discriminated these two stimuli. Recall that the two stimuli were identical in size and shape and differed only with regard to their featural details. Given that 4-month-old infants are less sensitive to high frequency spatial information (Kellman & Arterberry, 2000) , they may have been more likely to perceive the two stimuli as equivalent.
Experiment 3
In order to evaluate the preceding hypothesis, the last experiment was designed to measure 4-and 6-month-old infants' discrimination of the pointing hand and foil by testing their preferences for these two stimuli. A third stimulus, corresponding to an arrow, was also included to ensure that a finding of no preference was due to a failure to perceptually discriminate the two handshaped stimuli and was not instead due to infants preferring all directionally oriented stimuli equally.
Method
Participants. A total of 18 healthy full-term infants participated in this study. Nine infants (3 girls, 6 boys) were tested at 4 months of age (M ϭ 17.3 weeks, SD ϭ 10.3 days), and nine (4 girls, 5 boys) were tested at 6 months of age (M ϭ 25.3 weeks, SD ϭ 14.6 days). Nine additional infants were tested but excluded from the final sample because the eye tracker was unable to record a stable corneal reflection (5) or they were fussy and did not complete a sufficient number of trials (4). 4 Participants were primarily from middle-class families and were Caucasian. They were contacted by mail based on birth records and community outreach, and parents signed a consent form before the study began.
Stimuli and apparatus. On each trial, a digital image of a multicolored beach ball or pinwheel measuring 5.5°ϫ 5.5°was presented as the attention-getting stimulus. The three stimuli used for measuring preferential looking included the pointing hand (measuring 13.6°horizontally and 14.3°vertically) and foil (same size as pointing hand) used in the preceding two experiments as well as a flesh-colored arrow approximating the size of the pointing hand without the wrist and forearm (measuring 9.0°horizon-tally and 4.8°vertically). The stimuli were presented in pairs against a black background and appeared equidistant from the center of the screen; the horizontal distance from the middle of one stimulus to the other was 32.0°(see Figure 7) . Infants' preferential looking responses to the stimuli was measured with a Tobii TX300 eye tracker (precision: 1°; measurement error: 0.5°; sampling rate: 300 Hz) following the same calibration procedure described in Experiment 1. Areas of interest (AOIs) were calculated around each of the three stimuli and all gaze points located within the AOI 4 Infants needed to complete a minimum of three trials with each of the three pairs of stimuli to be retained in the experiment. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
were used to compute first looks and the duration of looking on each trial. Procedure. The general procedure was similar to that used in the previous experiments in that it began with calibrating the eye tracker and then presenting up to 48 trials. At the beginning of each trial, infants were shown the attention-getter in the middle of the screen until it was fixated for 400 ms. Once infants met the fixation criterion, the attention-getter disappeared and the two stimuli appeared on the left and right sides of the screen for 5,000 ms.
Design. Three pairs of stimuli were shown to infants in blocks of 12 trials: pointing hand versus foil; pointing hand versus arrow; foil versus arrow. Within each block, each of the three pairs were counterbalanced with regard to stimulus location and cue direction (pointing left vs. right) resulting in four trials that were presented consecutively. These three groupings of four trials were ordered randomly within a block, and blocks could be repeated up to four times.
Results
All trials in which infants attended to the stimuli for a minimum of 1,000 ms were included in the analyses. The mean number of trials was 26.4 for the 4-month-old infants and 23.9 for the 6-month-old infants.
The first analysis compared the mean amount of time infants looked at each of the three stimuli across all trials as a function of age. As can be observed in Figure 8 , infants preferred to look at the pointing hand relative to the foil or the arrow, F(2, 32) ϭ 30.94, p Ͻ .001, p 2 ϭ .659. In fact, infants looked almost twice as long at the pointing hand as at the foil when the two were presented together (1,475 ms vs. 793 ms); the difference was slightly greater when comparing looking at the pointing hand versus the arrow (1,456 vs. 755 ms). Individual analyses for each of the three pairs of stimuli revealed that the pair-wise differences were significant, F (1, 16) We also assessed whether infants were more likely to look first at the hand than at the foil or the arrow. Each pair of stimuli was analyzed separately by comparing percent of first looks as a function of age and stimulus pair (hand vs. foil; hand vs. arrow; foil vs. arrow). The results revealed that infants looked first significantly more often at the hand when it was paired with the foil (M ϭ 57.0%) , F(1, 16) 
Discussion
Both 4-and 6-month-old infants showed a significant preference for the pointing hand over both the foil and the arrow. As such, these results suggest that infants at both ages were able to perceptually discriminate the two stimulus cues used in the previous experiments. Although the most straightforward reason for this discrimination is that the stimuli differed with regard to their featural details, this interpretation is not necessarily correct. Even though the foil and the arrow differ significantly with regard to their features, these two stimuli were not discriminable based on first looks suggesting that infants' responses were a function of more than just featural differences. A more likely possibility is suggested by the fact that the three stimuli range along a continuum from social (pointing hand) to pseudo-social (foil) to nonsocial (arrow). The total looking time results reveal that infants' preferential looking to the three stimuli is consistent with this ordering suggesting that they prefer social to non-social stimuli.
Interestingly, this interpretation of the results is consistent with what Johnson (2011) refers to as interactive specialization. Specifically, younger infants respond to stimulus categories in a less differentiated manner than older infants. As infants' perception of social stimuli continues to develop and they acquire more experience with these stimuli through social interactions, their responses become more specialized. According to this hypothesis, even if 4-month-old infants could discriminate the pointing hand and the This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
foil they would not necessarily respond to the stimuli differently because both would stimulate the same developing social attention network in the brain (Grossman & Farroni, 2009; Johnson, 2011) . By contrast, 6-month-old infants are more sensitive to differences between social and non-social stimuli. One caveat to this discussion is that measuring infants' preferential looking may not offer a definitive answer regarding their discrimination of the two stimuli presented in Experiments 1 and 2. In those experiments, the stimuli were not presented in pairs and thus simultaneous comparisons were not available. Conceivably, infants may be biased to perceive low-resolution versions of social stimuli, such as the foil, as more similar to their high resolution versions, such as the pointing finger, when no comparative information is simultaneously available. One problem, however, with this interpretation is that infants in the current experiment revealed a preference for the pointing finger on their first look, suggesting that a comparison of the two stimuli was not necessary.
General Discussion
Knowledge of the origins and early development of pointing is essential to a complete understanding of joint visual attention and its contributions to social understanding and language development. Prior to this study, the consensus from the research literature was that infants do not orient their attention in the direction of a pointing hand before 9 to 12 months of age. The results from the current study offer new evidence that young infants follow a pointing gesture and also challenge some previous assumptions: (1) Based on the results of Experiments 1 and 2, we conclude that 4-and 6-month-old infants are capable of orienting their attention in the direction of a pointing gesture, but this result applies to both ages only with a 100-ms stimulus-target onset asynchrony. Recall that 6-month-old infants did not provide firm evidence of orienting in the cued direction when tested with a 500-ms stimulus-target onset asynchrony. (2) Contrary to previous studies, the pointing gesture did not need to be accompanied by speech, and infants shifted their attention to the target even though the stimulus cue remained visible. This latter result thus confirms that infants by 4 months of age will not show difficulty in disengaging from the stimulus cue nor will they focus their attention solely on the hand rather than the distal referent. (3) Four-month-old infants oriented in the direction of the stimulus cue regardless of its identity, but 6-month-old infants oriented in the direction of the cue only when it corresponded to a pointing finger. This developmental difference cannot be explained solely in terms of the younger infants failing to differentiate the two stimuli, because both age groups perceptually differentiated the two stimuli in Experiment 3.
In spite of these important contributions, it remains somewhat unclear as to whether infants' attention to pointing gestures is specialized since there was no significant difference in the likelihood of shifting attention as a function of the stimulus cue. Each of these issues will be discussed in turn, but we begin by trying to address the discrepancies between our findings and those reported by Daum et al. (2013) .
Sharing Attention Versus Intention
The current results as well as those reported by Rohlfing et al. (2012) suggest that infants orient in the direction of a pointing finger by 4 months of age. By contrast, the results reported by Daum et al. (2013) suggest that infants do not orient in the direction of a pointing finger until 12 months of age. How can we reconcile these very significant age differences? One possibility is that using a smaller stimulus cue and thus reducing its attractiveness or confusing infants by using the same stimulus as the attention-getter and reinforcer made the Daum et al. task more difficult. We suspect, however, that these methodological differences cannot fully account for why infants were almost three times as old before systematically orienting in the latter study.
An alternative possibility is that the younger infants responded to the pointing finger by co-orienting their attention in the same direction, whereas the older infants responded to the inferred referential intention or the shared communicative intent signaled by the pointing finger. Indeed, Daum et al. (2013) interpret their results this way and claim that this is why even infants who were just two months younger were unable to orient in the direction of the pointing finger. Bolstering this claim was the finding that infants responded faster to the congruent target only in the condition in which the pointing finger was accompanied by canonical speech.
By contrast, infants' responses in the current study were stimulus driven. The strongest evidence for this interpretation is that 6-month-old infants only oriented their attention in the direction of the stimulus cue when the stimulus-target onset asynchrony was reduced to 100 ms. When the stimulus-target onset asynchrony was 500 ms, they did not respond faster to the congruent target, presumably because they were no longer responding reflexively or without any forethought or planning. In spite of the attractiveness of this interpretation, it is somewhat difficult to reconcile with the findings by Rohlfing et al. (2012) , who also reported that 4-monthold infants showed a congruency effect even though the stimulustarget onset asynchrony was 1,000 ms. Interestingly, the stimulus cue disappeared before the target appeared in this study, which may have changed how the target was processed compared to the current study in which a no gap paradigm was used. Perhaps, the most intriguing developmental implication of this interpretation is that young infants, like adults, co-orient their attention in the direction of a deictic cue based on exogenous factors, like the salience and timing of the stimulus, but infants by one year of age also understand a pointing gesture as a shared communicative cue.
Challenging Previous Assumptions
Let us now turn to why infants attended to the pointing gesture even though it was not accompanied by eye contact or infantdirected speech. It is well established that young infants orient in the direction of a gaze cue only if the lateral shifting of the pupil is preceded by eye contact or some other communicative cue, such as infant-directed speech (Farroni, Mansfield, Lai, & Johnson, 2003; Hood et al., 1998; . According to , these communicative cues are necessary to socially engage infants and orient them to perceive the gaze cue as a referential action. In spite of the claims by Daum et al. (2013) that the same logic applies to pointing gestures, the analogy breaks down because a pointing gesture is more salient than a gaze cue (Butterworth, 2001; Deák et al., 2008; Doherty & Anderson, 1999; Triesch et al., 2006) , and this differential salience may emerge quite early because the hands are associated with all sorts of This document is copyrighted by the American Psychological Association or one of its allied publishers.
interesting changes in the environment (Amano et al., 2004) . It is also relevant to note that a pointing gesture is reserved almost exclusively for communicative purposes, whereas people shift their gaze continuously and it is only while socially engaged with another person that eye gaze takes on a communicative function. Thus, it may be more necessary for infants to be alerted to the communicative function of eye gaze than to the communicative function of pointing. The second issue addressed by our findings is that infants were able to disengage from the stimulus cue. As previously mentioned, it is noteworthy that infants shifted their attention away from the pointing stimulus toward the target on a very high percentage of trials. By 6 months of age, infants failed to disengage from the stimulus cue on only 0.8 trials in Experiment 1 and 0.3 trials in Experiment 2, and even at 4 months of age infants failed to disengage on only 3.6 trials in Experiment 1 and 5.4 trials in Experiment 2. One important implication of this finding is that contrary to previous reports (e.g., Butterworth & Grover, 1990; Churcher & Scaife, 1982) , infants younger than 12 months of age do not maintain their attention on the pointing stimulus; the 4-and 6-month-old infants tested in this study shifted their attention toward the target in response to the direction of the stimulus cue. This response suggests that infants' understanding of the relation between the direction of the cue and the expected location of the target was embodied in these actions.
In order to fully appreciate the findings of this study, it is important to clarify the specific processes involved in the spatial cueing paradigm used in this study. Adults who respond faster to the cued than opposite direction with stimulus-target onset asynchronies of 100 ms are described as responding reflexively or automatically because there is not sufficient time to explicitly think about the stimulus and plan a response (e.g., Driver et al., 1999; Friesen & Kingstone, 1998; Frischen et al., 2007) . Thus, the stimulus cue is directly mapped to the response without the need for any intervening processes in working memory. In the case of adults, this reflexive response could represent a form of overlearning the relation between a pointing gesture and the location of a target, but the current results reveal that this response is present from early in development and thus it is unlikely a function of extensive learning.
What mechanisms are available for infants to develop these same reflexive responses at such a young age? This sort of reflexive responding is usually explained in terms of associative learning or instrumental conditioning that accrues with experience (Moore & Corkum, 1994; Ray & Heyes, 2011) , but the question is whether this process is sufficient given that young infants are primarily engaged in dyadic interactions that do not necessitate pointing until they begin to crawl (Bertenthal & Campos, 1990) . We therefore postulate that the opportunities for young infants to learn about pointing are somewhat impoverished given their limited exposure to pointing during social interactions. Nevertheless, the current findings suggest that by 4 to 6 months of age, infants are capable of following the direction of a pointing hand in much the same way that young infants follow the direction of an averted gaze cue.
It is hypothesized that infants are successful in following gaze because the regions of the social brain that bias infants to attend to the eyes and face are already active (e.g., Grossman & Farroni, 2009; Johnson, 2011) . Likewise, we observed in Experiment 3 that by 4 months of age infants already show selective attention for pointing gestures over the foil and arrow, very likely because the same regions of the social brain that attract infants to the eyes are also involved in representing a pointing hand (Materna, Dicke, & Thier, 2008) . This heightened sensitivity to social stimuli increases the likelihood of selecting and orienting in the direction of pointing without a long apprenticeship, and thus might explain infants following a pointing gesture by 4 months of age.
Infants' Responsiveness to Social Versus Non-Social Stimuli
One problem with the above interpretation is that it does not explain why neither 4-nor 6-month-old infants showed a significantly different orienting response to the pointing finger and the foil. This failure to find a significant difference might reflect the need for further perceptual development, but it might also reflect the limitations of a spatial cueing paradigm. Recently, some reviewers have suggested that this paradigm may fail to capture the key aspects of what makes social stimuli different from non-social stimuli (e.g., Birmingham & Kingstone, 2009 ). More specifically, the cueing paradigm tends to measure stimuli on a dimension in which they all share considerable similarity (i.e., communicating a specific direction; Gibson & Kingstone, 2006) . Conceivably, this is the reason that so many adult spatial cueing studies fail to show a processing difference between gaze cues and arrows (e.g., Hommel, Pratt, Colzato, & Godijn, 2001; Kuhn & Benson, 2007; Tipples, 2002) .
A more complete analysis of social attention suggests that at a minimum it requires two distinct processes. The first involves selective attention to the stimulus cue whereas the second involves orienting to the target. It may indeed be the process of selective attention that better differentiates between social and non-social stimuli, but the cueing paradigm eliminates the need for this process because the stimulus cue is pre-selected for the participant. In the case of the pointing hand and the foil, these two stimuli could very likely differ in their social relevance and attractiveness because, as we previously mentioned, there are specialized areas in the brain sensitive to only social stimuli (e.g., faces, eyes, hands) that are already functional in young infants (Gredebäck, Melinder, & Daum, 2010; Grossman & Farroni, 2009; Johnson, 2011) . Thus, these two stimuli may elicit different orienting responses in the natural social environment even though infants did not show a significant difference in shifting their attention when tested with a spatial cueing task.
Some preliminary support for this conclusion was proffered by the results of Experiment 3. Infants significantly preferred looking at the pointing hand over the foil and the foil over the arrow. Although infants may have shown these preferences because of low-level salience differences between the stimuli, it is just as likely that they were responding to the stimuli along a social versus non-social dimension. If infants indeed prefer looking at social versus non-social stimuli in more cluttered natural environments, then it follows that they will be more likely to first select and then orient their attention in the direction of pointing hands as opposed to foils or arrows. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Implications for the Development of Pointing Comprehension
According to Carpenter et al. (1998, p. 2) , "joint attention, allows infants to incorporate a third element into their dyadic interactions with other persons, thus making possible many kinds of triadic social interactions with people and objects." The evidence presented in this study suggests that 4-and 6-month-old infants are capable of entering into triadic social interactions in that they shift their attention to an object in response to a pointing gesture. As such, we contend that previous views concerning the relation between the development of joint attention and pointing failed to consider the possibility that these two processes develop synergistically. In particular, following a pointing gesture does not await the development of the more advanced form of joint attention that includes the shared understanding of each other's attention and intention. Instead, infants' capacity for point following emerges at approximately the same age as gaze cueing, which is the other indicator of early joint visual attention (e.g., D'Entremont et al., 1997; Gredebäck, Fikke, & Melinder, 2010) .
In considering the implications of this new evidence for the early development of point following, it is important to acknowledge the differences between our experimental assessment and the conditions for point following in the natural social environment. Certainly, the conditions encountered by infants will rarely mimic the well-structured and repetitive conditions presented in our experiments. Accordingly, we do not expect that young infants will consistently follow a pointing gesture in their everyday encounters with other social partners, but at the very least we anticipate that they have the competence to begin shifting their attention in response to pointing gestures and will increase the likelihood of doing so with age and experience.
How might these experiences contribute to the development of a shared understanding of intentions between the communicator and the infant? One possibility is that the early evidence for point following represents an independent developmental trajectory that will not make contact with the development of a shared understanding until the necessary social-cognitive skills are in place (e.g., Carpenter et al., 1998; Tomasello, 2008) . Although this view represents a logical possibility, it evolved from an incomplete conceptualization of the early development of infant pointing, emphasizing the fundamental differences between the execution of index finger extensions observed in 3-month-old infants and pointing at a specific reference that only developed toward the end of the first year. This prior conceptualization now needs to be amended based on the current evidence suggesting the emergence of point following by 4-and 6-month-old infants. Unlike the differences between index finger extensions and index finger pointing, this new evidence on point following suggests greater continuity with the development of later forms of point comprehension.
As a consequence, we contend that the early development of point following could provide a "bootstrapping process" by which infants learn about the intentions of others from the opportunistic selection afforded them through their encounters with pointing and the co-orientation of visual attention that ensues (cf. Moore & Corkum, 1994; Triesch et al., 2006) . In essence, these encounters offer an opportunity for infants to learn that following another's pointing gesture leads to their attending to some person or event resulting in an ensemble of responses (i.e., motoric, verbal, affective) by the communicator that will often resonate with the infant's response. The probability of infants' encoding this information will increase with experience and so will their shared understanding of others in triadic social interactions. Thus, the evidence reported in this study suggesting that young infants follow a pointing gesture has far reaching implications for the development of joint visual attention and communication.
